Introduction
It is well established that i)-ribulose 1,5-diphosphate (RuDP) carboxylase from the chloroplasts of phototrophic eukaryotes is of high molecular weight (about 550 000) and consists of two classes of subunits of approximately 55 000 (large, L) and 15 000 (small, S), arranged in an 8 L + 8 S quaternary form [ 1 -4] . Greater structural variation has been found between RuDP carboxylases from autotrophic prokaryotes. The enzymes from the photosynthetic bacteria Chrornatium [5] and Ectothiorhodospira halophila [6] and the hydrogen bacterium Alcaligenes eutrophus [7, 8] closely resemble the eukaryotic type in molecular weight and subunit composition (8 L + 8 S). However, low molecular weight forms of bacterial RuDP carboxylase, containing only L subunits, have also been found, namely of 114 000 (Rhodospirillum nlbrum, ref. [9] ) and of about 350 000 (Ozlorobium limicola f thiosulfatophilum, ref. [10] ).
The RuDP carboxylases of blue-green algae are of interest in view of the possible endosymbiotic origin of chloroplasts from an ancestral oxygen-evolving autotrophic prokaryote [11] [12] [13] . The enzymes from Anabaena variabilis, l'lectonema boryanum and Aphanocapsa 6308 are similar to the typical chloroplast RuDP carboxylase in molecular weight and quaternary structure, possessing L and S subunits [14, 15] . An endosymbiotic origin has been suggested for the cyanelles of the biflagellate protist Cyanophora paradoxa [16, 17] , since the cyanelles are similar to unicellular blue-green algae in structure [17] and pigment composition [18] . The present communication reports on the purification and partial characterization of the cyanelle RuDP carboxylase, which is cornpared with the enzymes from free-living blue-green algae and chloroplasts.
Materials and methods

Organism and growth conditions
Q'anophora paradoxa, obtained from Dr. L. Provasoli, was grown in 5 1 batches, in the medium of Herdman and Stanier [19] under an atmosphere of air " CO2 (99 ' 1, v/v) withoul bubbling or agitation. at 17°( ` with a light ' dark cycle (intensity, 2000 lux) of18:6h.
l','vtraction of cyanelles
All centrifugation, disruption and preparative steps were performed at 0-4°C. Cells from 5 1 of log phase culture were centrifuged at 2000 X g for 15 min. The pellet was resuspended using 2-3 vol. of supplemented Iris-buffer (SIB; 5 mM Iris: 1 mM EI)IA, 1 mM MgCI2, 20 mM NatlCO3, 2 mM reduced glutathione, pH 8.0 at 25°C) containing 0.5 M sucrose. After 15 min the cells were respun in a bench centrifuge and lysis effected by resuspension in 2 vol. of STB containing 0.2 M sucrose. Cell wall debris and intact cyanelles were sedimented by centrifugation at 20000 Xg for 15 min. The supernatant consisting of 'host' cell cytoplasm was decanted and the pellet resuspended in STB. The cyanelle fraction was passed through a French press at 16000 lb/in 2 to break the remaining cyanelles and the cytoplasm and cyanelle fractions retained for RuDP carboxylase assay.
Purification of RuDP carbox vlase
fen litres of freshly harvested culture were used. The cells were resuspended in 2 vols of STB and disrupted using the French press as before. rite brei was spun at 15 000 X g for 20 rain and the supernat~,nt respun at 10 000 X g for 1 h. The supernatant obtained was taken It) 25~ saturation with ammoniunl sulphate. After stirring for 30 rain, followed by centrifugation at 35000 ×g for 15 rain the resulting supematant was adjusted to 457~ saturation with ammonium sulphate. The precipitate formed was recovered as before and resuspended to 5 ml with STB. After dialysis overnight against 1 litre of STB, the enzyme solution was adjusted to 6 ml and 2 ml aliquots layered onto three 20 ml linear density gradients of sucrose (0.2.-0.8 M) m STB. After spinning at 100000 Xg for 24 It, 1 ml fractions were collected front the bottonl of the tubes using an MSE tube piercer.
RuDP carboxylase assay
The RuDP-dependent incorporation of NaHI4CO3 into acid-stable material was measured exactly as detailed previously [201.
Polyacrvlamide gel electrophoresis
The density gradient fractions showing maximunr RuDP carboxylase activity were analysed by the Davis method [21 ] on gels polymerised from a range of polyacrylamide concentrations with a bis : acrylamide ratio of 1 : 37. Electrophoresis of samples containing about 50 ~ protein was performed at a constant current of 3 mA/tube. Quaternary structure was investigated by incubating samples at 37°C for 3 h in 10 mM phosphate buffer, pH 7.0, containing 1% (w/v) sodium dodecyl sulphate (SDS) and 1% (v/v) t3-mercaptoethanol. Samples containing 20--100 pg protein were then electrophoresed through gels polymerised from 10% acrylamide at a constant current of 8 mA/tube [221. Protein was measured according to Lowry et al. [231 using bovine serum albumin as a standard.
Results and discussion
Preparations of disrupted isolated cyanelles readily catalyzed RuDP-dependent ;'*CO2 fixation with a typical specific activity of 0.55/amo114CO 2 fixed/rag protein -h. Enzyme activity was not detected using the 'host' cytoplasm supernatant fraction at up to 6 mg protein/assay, indicating that RuDP carboxylase is located in the cyanelles of Cyanophora paradoxa.
An effective separation of RuDP carboxylase front the bulk of the soluble protein present in the 25 45% ammonium sulphate fraction of a 100 000 X g supematant was achieved by sucrose density gradient centrifugation ( fig. 1 ). Phycobiliproteins partly accounted for the protein peak (absorption at 280 The presence of large (L) and small (S) classes of subunits was revealed by electrophoresis of the SDSdissociated cyanelle enzyme ( fig. 3a) . Their molecular weights, obtained by comparing electrophoretic mobilities with standards ( fig. 3b) were 51 000 (L) and 15 000 (S). The molecular weight of the native enzyme, assuming an 8 L + 8 S quaternary structure [26] would thus be 528 000, which compares closely with the value inferred from the Hedrick-Smith plot ( fig. 2 ).
The C. paradoxa cyanelle RuDP carboxylase thus appears to be very similar to that from tile flee-living cyanophytes Anabaena variabilis, Plectonema boryanum and Aphanocapsa 6308 [14, 15] . This conclusion is consistent with the evidence [16--18] for the evolutionary origin of the cyanelles from an endosymbiotic blue-green alga. Finally, the similarity of molecular weight and quaternary structure between the cyanelle RuDP carboxylase and the enzyme from chloroplasts should also be noted in view of the finding of tterdman and Stanier [19] of a close resemblance between the size of the cyanelle and chloroplast genomes.
